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Due to the global loss of tidal marsh area, potential anthropogenic and natural disturbances to
these systems, and coastal marshes’ affinity for trapping environmental pollutants, understanding
how marsh birds inhabiting these ecosystems will adapt to these changes is paramount. To
quantify future changes, I first needed to have something to compare against – baseline
estimates. To this end, I performed distance sampling line transect surveys during the
nonbreeding season to estimate species-specific population abundance, density, and habitat
associations and captured two species of marsh bird, Clapper Rail (Rallus crepitans) and Seaside
Sparrow (Ammospiza maritima), to estimate baseline ingestion of one such environmental
pollutant – microplastics. By providing the first baseline population and density estimates for
numerous nonbreeding marsh birds, my findings suggest that the tidal marshes of Mississippi
provide critical habitat for many of these species. Additionally, I was able to document the first
evidence of microplastic ingestion by resident tidal marsh birds.
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CHAPTER I
DISTRIBUTION, ABUNDANCE, AND HABITAT ASSOCIATIONS OF WINTER MARSH
BIRDS IN MISSISSIPPI TIDAL MARSHES
Introduction
As one of the first terrestrial ecosystems to be inundated with oil from the Deepwater
Horizon Oil Spill, tidal marshes and the organisms living within them suffered a number of
negative ecological consequences (Silliman et al. 2012, Bergeon Burns et al. 2014, Rabalais and
Turner 2016). Marsh birds in particular were documented to have increased pollutant levels
(Bonisoli-Alquati et al. 2016, Perez-Umphrey et al. 2018) that may have resulted in a subsequent
decrease in reproductive success (Bergeon Burns et al. 2014, Bonisoli-Alquati et al. 2016).
While no studies provide estimates for the number of marsh bird mortalities, the number of total
bird mortalities across all taxa as a direct result from the oil spill exceeded 50,000 birds
(Deepwater Horizon Natural Resource Damage Assessment Trustees 2017). However, due to a
lack of ecological baseline data, quantitative assessments of population-level effects for most
bird species are impossible (Henkel et al. 2012). Along the tidal marshes of Mississippi, previous
local-scale marsh bird studies have investigated densities within small marsh complexes (Rush
2009, Leggett 2014, M. Woodrey unpublished data), but no large-scale, coast-wide surveys or
estimates exist to allow for a statewide assessment of population change.
Only recently has ornithologists’ understanding of marsh bird distribution, abundance,
habitat associations, and ecology greatly increased with the introduction of a national marsh bird
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monitoring protocol (Conway 2011) and an inter-state, inter-agency research group in the
Northeast dedicated to studying tidal marsh bird ecology (Saltmarsh Habitat Avian Research
Program 2020). Complementing this effort has been several recent tidal marsh bird studies along
the northern coast of the Gulf of Mexico (GoM) investigating the ecology of marsh birds in
Mississippi (Rush et al. 2009a, b, 2010a, b, Leggett 2014, Lehmicke 2014). A few of these
studies also estimated the potential effects from future habitat loss and discussed potential
climate effects on marsh birds across the region (Rush et al. 2009b, Woodrey et al. 2012).
However, all of these studies were conducted during, or focus on, the bird breeding season
(spring and summer). Therefore, we lack a fundamental understanding of nonbreeding (winter)
marsh bird ecology along the northern GoM. Due to the lack of empirical studies, we know
essentially nothing about the distribution and abundance of marsh birds during the nonbreeding
season nor how ecological factors, such as habitat type, vegetation associations, or landscapescale characteristics relate to their use of these tidal marsh ecosystems during this temporal
period.
The general lack of winter ecology data for tidal marsh birds is not unique to Mississippi.
Marsh birds are secretive and inhabit densely vegetated areas that are difficult to access (Rush
and Cooper 2016). Winter sampling brings additional difficulties such as lower mean tidal levels
occurring predominantly during the daytime when north winds accompanying cold fronts push
water out of marsh complexes, resulting in extremely low water levels that make it difficult to
access study sites (Marmer 1954). Further, less frequent vocalizing of most marsh bird species
during winter alters detection probabilities. Consequently, complications of winter sampling
could inhibit the ability to document marsh bird distribution and abundance across landscapes,
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develop robust population estimates, and detect species-habitat associations, all of which impair
the ability to develop full life-cycle population models and conservation plans.
Although lacking for the GoM region, a few published studies have investigated winter
marsh bird ecology along the Atlantic coast of the United States (US; Greenlaw and Woolfenden
2007, Michaelis 2009, Winder et al. 2012, Watts and Smith 2015). Along the northern GoM ,
many bird species rely on tidal wetlands as wintering habitat (Woodrey et al. 2012), some of
which are marsh birds that are only present during the winter and may require different habitat
than breeding marsh birds (Woodrey et al. 2019). In addition to the lack of winter data and
ecological knowledge, the short and long-term effects of the 2010 Deepwater Horizon Oil Spill
remain largely unknown. Nevertheless, marsh bird impacts were noted in Louisiana marshes for
breeding Seaside Sparrows (Ammospiza maritima; Bergeon Burns et al. 2014, Bonisoli-Alquati
et al. 2016, Perez-Umphrey et al. 2018).
The objectives of this study are three-fold: (1) establish and conduct the first-ever
systematic and rigorously designed sampling framework for Mississippi Coast-wide nonbreeding
tidal marsh birds; (2) generate species-specific densities at the marsh complex scale and
population estimates for the entire Mississippi Coast; and (3) determine habitat associations for
nonbreeding tidal marsh birds along the Mississippi Coast. These data will support the
conservation and informed management of obligate tidal marsh birds by providing much needed
baseline information enabling the quantification of landscape and climate changes in tidal marsh
habitats due to anthropogenic (e.g., oil spills, chemical releases, freshwater diversions, etc.) and
natural (e.g., hurricanes, sea level rise, etc.) events at both the marsh complex and the
Mississippi Coast-wide scales (Woodrey et al. 2019). In addition, these data will help refine
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coastal habitat restoration practices to better meet nonbreeding tidal marsh bird species’ habitat
requirements (National Academies of Sciences, Engineering, and Medicine 2017).
Methods
Study area/design
I conducted nonbreeding marsh bird surveys in estuarine, emergent and scrub-shrub tidal
marshes across all three coastal counties of Mississippi (Hancock, Harrison, and Jackson) during
the winters (December – February) of 2018–2019 and 2019–2020 (Fig 1.1). The selection of the
locations of my sites across coastal Mississippi was based on a broad-scale, probabilistic random
sampling framework outlined by Johnson et al. (2009) and successfully implemented in the
northeastern United States by Wiest et al. (2016). The Johnson et al. (2009) framework is a twostage probabilistic Generalized Random Tessellation Stratified (GRTS) study design that uses
the Environmental Protection Agency North American continental hexagonal grid (40 km2
hexagons; as cited in Johnson et al. 2009). Hexagons were overlaid along the entire northern
GoM (hereafter “region”), from Texas to Florida (i.e., sampling universe). Then, using land
cover data from the 2010 Coastal Change Analysis Program (C-CAP; National Oceanic and
Atmospheric Administration 2010), I identified all hexagons containing at least one contiguous
marsh patch of estuarine emergent wetland (C-CAP class 18) or estuarine scrub-shrub wetland
(C-CAP class 17) larger than 10 hectares (i.e., sampling frame).
Gulf of Mexico estuarine marsh systems are sufficiently different in scope and
configuration than other parts of the US so I deviated from stratification recommended in
Conway and Droege (2006) and instead used the nexus of ecoregions identified by the Gulf
Coast Vulnerability Assessment (Watson et al. 2015) and state borders. I made this modification
because the subregions for the GoM proposed by Conway and Droege (2006) did not align with
4

relevant physiographic province boundaries or ecological mapping schemes for the region. I
chose state boundaries because that is the scale at which bird monitoring, including tidal marsh
birds, is likely to be conducted due to the availability of long-term (20+ years) funding made
mostly available to states as a result of the 2010 Deepwater Horizon oil spill settlement (Wilson
et al. 2019). In addition, large-scale restoration projects, typically funded at the state level, will
also be mostly implemented at the state level across the region in response to natural resource
damages resulting from the 2010 Deepwater Horizon oil spill.
Following Johnson et al. (2009), I then used the GRTS sampling approach to select
hexagons within each subregion strata from the sample frame. These hexagons, or Primary
Sampling Units (PSU), formed the backbone of the sampling effort allocation. Within each
selected hexagon, or PSU, I then selected an equal probability sample of sample points that were
distributed randomly, or Secondary Sample Unit (SSU), within the boundaries of the estuarine
emergent and scrub-shrub marsh. Points that were within 400 meters of another point were
iteratively removed based on the sequence in which they were selected by the GRTS design to
maintain independence of bird observations between sample points. This method allowed me to
distribute sample points for the breeding season and paired line transects for the nonbreeding
season.
Within the Mississippi subregion, I established line transects from these sample points
where suitable to survey for winter marsh birds. However, with the exception of Deer Island,
most barrier islands were not sampled due to logistical constraints. Due to the difficulty of
detecting nonbreeding marsh birds because they seldom vocalize, I opted for line transect rather
than point count surveys, which generally lead to more efficient and increased numbers of
detections in open vegetative structure (Bibby et al. 1992). My line transects were between 200–
5

500 meters long, depending on the ability to physically walk a straight-line up to 500 meters
without encountering a physical barrier such as a wide or deep tidal creek (i.e., too deep or too
wide to cross). I systematically oriented my line transects perpendicular to shorelines starting at
the water-marsh interface and going towards or through the associated sample points (Fig. 1.1).
When marsh topography prevented walkable line transects perpendicular to the shoreline, I
adjusted transects to be near perpendicular. I marked line transects every 100 meters with PVC
poles (1/2” x 10’) to ensure repeatability and aid in distance estimation. Line transects could not
be placed at every sample point due to impassable water bodies to access the point, inability to fit
a transect > 200 meters of walkable marsh, inaccessibility via boat during low tide, time
efficiency considerations, and/or safety concerns. These constraints restricted my winter
sampling effort to 130 line transects out of 268 sampling points used during the breeding season
across the Mississippi Coastline.
Bird surveys
I used a distance sampling approach to collect bird data while walking my survey
transects. I walked these at an average pace of 1km/hr (Bibby et al. 1992) while recording all
birds seen or heard within the surrounding emergent or scrub-shrub tidal marsh habitat. I also
recorded all birds detected flying over these marsh habitats. I conducted repeat surveys at each
transect within each field season (December – February) to increase the number of detections for
each species, increase the precision of my estimates, and sample throughout the winter season.
For each individual bird or flock detected, I recorded the species, estimated perpendicular
distance from the transect to where the individual or flock was first detected, how it was detected
(e.g., aural or visual), and the number of individuals. I also recorded non-biological data for each
transect including date, transect start and end times, tidal stage, temperature (°C), percent cloud
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cover, wind speed (km/hr), observer, and background noise level because these factors can affect
a species’ detectability (Rush et al. 2009a, b, Conway 2011, Leggett 2014).
Vegetation surveys
In addition to distribution and abundance, I examined species-vegetation relationships for
these species. I used the line-intercept method to quantify vegetation composition because it
allowed me to efficiently and adequately characterize the vegetation on and around my survey
transects (Mueller-Dombois and Ellenberg 1974). I recorded the linear distances of vegetation
ecotones (i.e., a change in vegetation species) along each transect, yielding the amount of
vegetation as a percentage of the total transect length. For example, if black needlerush (Juncus
roemerianus) was the dominant vegetation type from 50 meters to 175 meters along a 200 meter
transect, it would comprise approximately 62.5% of the available vegetation on that transect. I
recorded these vegetation data concurrently with the first bird survey at each transect of each
sampling season.
Statistical analyses
I estimated species-specific densities and determined vegetation associations of eight
marsh bird species with sufficient numbers of detections, excluding flyover detections, on my
surveys (n > 60 observations per species to adequately fit a detection function, Buckland et al.
2001). I used the function ‘gdistsamp’ in package unmarked (Fiske and Chandler 2011) in the
statistical software program R (R Core Team 2018) to generate hierarchical models for
unmarked populations. Before modeling, I truncated the furthest 5% of detections for each
species. However for species which showed evidence of observer rounding of distance estimates
at further distances from the transects, I truncated a higher percentage [13, 20, and 30% of the
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data for Swamp Sparrow (Melospiza georgiana), Clapper Rail (Rallus crepitans), and Redwinged Blackbird (Agelaius phoeniceus), respectively]. I also binned exact distance estimates
into distance bins to account for observer estimation error, and scaled all continuous covariates
to a mean of zero to allow for better model fit (Buckland et al. 2001, Kéry and Royle 2016).
Additionally, I computed a Pearson’s correlation matrix for all vegetation variables to identify
correlated variables and removed them from further analyses. Then, in a model selection
framework, I generated a priori models using these covariates on lambda (density), phi
(availability), and p (detection).
Following Kéry and Royle (2016), I first fitted my null models with three different key
functions (half-normal, hazard-rate, and uniform). I compared these models using their
associated Akaike’s Information Criterion (AIC; Akaike 1974, Burnham and Anderson 2002)
scores and selected the model(s) with a ΔAIC < 2 from the best model to then fit covariates on
phi. I added the repeat survey visit within a season as a covariate on phi and computed AIC
values with and without this visit covariate. I then selected the model(s) with a ΔAIC < 2 from
the best model to fit covariates on lambda. While conducting my initial surveys, I noticed
considerable variation in the number of individuals of a given species detected between major
marsh complexes along the coast of Mississippi. Therefore, to estimate species densities in a
more biologically meaningful way along the coast of Mississippi, I post-hoc separated the coast
into twelve major marsh complexes (Fig. 1.1), separated geographically. I then created a priori
candidate models for lambda by using a combination of this ‘complex’ variable, study year, and
vegetation types that made up at least 5% of the overall vegetation detected on all surveys. After
comparing these models via AIC, I used the top models to fit covariates of observer, wind speed,
Julian date of the survey, and vegetation types on detection. After performing a last model
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selection based on AIC < 2, I modeled all top models using a Negative Binomial distribution on
the data. All models contained study year (year one or year two) as a covariate on lambda
(density) to account for population closure assumptions within a season.
Finally, I modeled averaged parameter estimates from the best competing models to
obtain final model parameter estimates. The global model structure was as follows: Density(year
+ complex + [vegetation types ≥ 5% of total]), Availability(visit), Detection(observer + wind
speed + Julian date + [vegetation types ≥ 5% of total]). Since Red-winged Blackbirds were often
detected in flocks, parameter estimates from this species’ models produced the estimated density
of flocks. I then multiplied the estimated density of Red-winged Blackbird flocks by their mean
flock size (Buckland et al. 2001) detected within the marsh. Once I had species-specific density
estimates by marsh complex, I calculated the estimated species population abundance across the
Mississippi Coast by summing the density estimates multiplied by the amount of estuarine
emergent marsh for each marsh complex. I report all population estimates to the nearest
thousand, as I believe that to be the precision at which these estimates should be interpreted.
Results
I established 130 line transects within emergent tidal marsh habitat across the three
coastal Mississippi counties. I surveyed each transect twice (n = 260 surveys) from January
through February 2019, and three times (n = 390 surveys) from December 2019 through
February 2020, totaling 650 bird surveys and 230 vegetation surveys. The most frequently
detected marsh bird species were Marsh Wren (Cistothorus palustris, n = 1593; Table 1.1), Redwinged Blackbird (n = 1456), Seaside Sparrow (Ammospiza maritima; n = 410), Clapper Rail (n
= 606), Nelson’s Sparrow (Ammospiza nelsoni; n = 109), Swamp Sparrow (n = 286), Sedge
Wren (Cistothorus platensis; n = 99), and Common Yellowthroat (Geothlypis trichas; n = 82),
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all having sufficient numbers of detections to fit a detection function (Table 1.1, Table 1.2). The
dominant plant species across the Mississippi marsh complexes was black needlerush,
comprising 53% of the tidal marsh area, followed by smooth cordgrass (Spartina alterniflora,
12%), saw-grass (Cladium mariscus, 7%), saltmeadow cordgrass (Spartina patens, 5%), and big
cordgrass (Spartina cynosuroides, 5%).
Marsh Wren were detected in every marsh complex and had an estimated complexspecific density ranging between 2.2 to 8.4 birds/ha, with a predicted nonbreeding population
estimate of 106,000 (95% C.I. 75,000 – 150,000) individuals within the emergent, estuarine tidal
marsh habitat in Mississippi (Table 1.3). Red-winged Blackbird estimated densities varied
greatly between marsh complexes, ranging from 2.3 to 24.9 birds/ha, with a population estimate
of 127,000 (46,000 – 362,000) individuals (Table 1.3). Predicted densities of Seaside Sparrow
ranged from zero to 3.4 birds/ha, with a population estimate of 37,000 (22,000 – 62,000)
individuals (Table 1.3). Clapper Rail were widespread, but less dense then other species (0.3 –
2.0 birds/ha), with a population estimate of 17,000 (10,000 – 32,000) individuals (Table 1.3).
Nelson’s Sparrow were very localized, with estimated densities ranging from zero to 1.6 birds/ha
and a coast-wide population estimate of 14,000 (4,000 – 47,000; Table 1.3). Swamp Sparrow
densities ranged from zero to 3.8 birds/ha, with a population estimate of 15,000 (6,000 – 37,000)
individuals (Table 1.3). Sedge Wren densities ranged from zero to 1.9 birds/ha, with a population
estimate of 10,000 (4,000 – 33,000; Table 1.3). Common Yellowthroat densities ranged from
zero to 0.4 birds/ha, with an estimated population of 2,000 (1,000 – 10,000) individuals (Table
1.3).
Marsh Wren density showed a positive association with the availability of J.
roemerianus, S. alterniflora, S. patens, C. mariscus, the number of vegetation ecotone changes
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along the transect, and a negative association with S. cynosuroides (Fig. 1.2.MAWR). Redwinged Blackbird density showed a positive relationship with C. mariscus, and a negative
parabolic relationship with J. roemerianus (Fig. 1.2.RWBL). Seaside Sparrow showed a positive
association with the availability of J. roemerianus and S. alterniflora, and a negative association
with the availability of C. mariscus, S. patens, and S. cynosuroides (Fig. 1.2.SESP). Clapper Rail
showed a positive association with J. roemerianus, S. alterniflora, the number vegetation
ecotones, and a negative association with C. mariscus (Fig. 1.2.CLRA). Nelson’s Sparrow
showed a positive relationship with S. alterniflora and the number of vegetation ecotones, and a
negative association with J. roemerianus and C. mariscus (Fig. 1.2.NESP). Swamp Sparrow
showed a positive association with C. mariscus, and a negative association with J. roemerianus,
S. alterniflora, S. patens, and the number of vegetation ecotones along a transect (Fig.
1.2.SWSP). Sedge Wren showed a positive association with S. cynosuroides, and a negative
association with J. roemerianus, S. alterniflora, C. mariscus, S. patens, and the number of
vegetation ecotone changes along the transect (Fig. 1.2.SEWR). Common Yellowthroat showed
a positive association with C. mariscus, S. cynosuroides, and S. patens, and a negative
association with J. roemerianus and S. alterniflora (Fig. 1.2.COYE).
Discussion
This study is the first comprehensive assessment of wintering marsh bird populations in
the GoM region. Data from this project conducted across the Mississippi Coast include winter
marsh bird distribution information, species-specific baseline winter abundance estimates at the
marsh complex and coast-wide scales, and provides insights into species-specific vegetation
associations. My baseline abundance estimates provide quantitative estimates based on a
standardized sampling framework that will allow for the measurement of population status and
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trends; data necessary to track and evaluate marsh bird populations across the GoM region
(Woodrey et al. 2019). Further, these data will allow for critical evaluation of potential impacts
from natural or anthropogenic disturbances on nonbreeding marsh bird populations
complemented by a monitoring template for neighboring Gulf States. The species-specific
density estimates also provide quantitative targets to evaluate the effectiveness of tidal marsh
management actions such as prescribed fire, and marsh restoration and management such as
current and future RESTORE Act-funded projects across the northern GoM (Deepwater Horizon
Natural Resource Damage Assessment Trustees 2017, National Academies of Sciences,
Engineering, and Medicine 2017).
Overwintering Marsh Wren composition along the northern GoM consists of resident (C.
p. marianae) and migratory inland subspecies (C. p. iliacus and C. p. dissaeptus) that are only
present during the winter (Kroodsma and Verner 2020). Remsen et al. (2019) suggest that the
resident subspecies, restricted to the northern GoM, may exhibit lower densities than those found
in other geographic regions. However, because these inland subspecies migrate south to
overwinter and mix with the resident subspecies in the coastal wetlands of the northern GoM, I
was unable to assess this subspecies density relationship. When comparing population estimates,
my nonbreeding population estimate within Mississippi with the mixing of subspecies was much
greater (106,000) than the estimated abundance of the resident subspecies alone (2,500; Remsen
et al. 2019b). Previous observations in Georgia and Florida found Marsh Wrens inhabit a wide
variety of wetland types from freshwater to salt marshes during the nonbreeding period (Kale II
1965, Stevenson and Anderson 1994, Kroodsma and Verner 2020). My findings reflect a similar
pattern, I documented this species in freshwater/intermediate marsh (e.g., C. mariscus-dominated
marshes; Eleuterius 1972) as well as more saline/brackish marsh (e.g., S. alterniflora and J.
12

roemerianus; Eleuterius 1972), demonstrating this species is ubiquitous and a habitat generalist
in Mississippi tidal marshes during the winter.
Red-winged Blackbirds are one of most abundant and widespread birds in North America
(Yasukawa and Searcy 2020), with the coastal marshes along the northern GoM identified as a
major population center during the winter (Meanley 1965). As such, their high estimated
population abundance relative to other species within Mississippi’s tidal marshes was expected.
Even though this species has the greatest estimated population abundance of all birds surveyed
within Mississippi’s tidal marshes, their overall population is declining throughout much of their
range, due in part to conversion of preferred breeding habitat into agriculture (Besser et al. 1984,
Blackwell and Dolbeer 2001, Sauer et al. 2017). Thus, rigorously designed monitoring programs
at broad geographic scales, such as at a GoM-wide scale, which include monitoring effort for this
species would reduce variation in my estimates as well as provide insights into the potential
influence of winter-associated aspects of their ecology on the observed range-wide population
decline. While widespread across different wetland types (Yasukawa and Searcy 2020),
estimates identified in this thesis indicate that for Red-winged Blackbirds in my study systems,
density varies across vegetation associations within a given tidal marsh, with densities increasing
with increasing percent cover of C. mariscus and J. roemerianus, but decreasing as the extent of
J. roemerianus becomes more dominant at a given site.
Seaside Sparrows are tidal marsh specialists and year-round residents along the northern
GoM (Woodrey et al. 2012, Post and Greenlaw 2020); therefore, density comparisons between
breeding and nonbreeding seasons in the same geographical area are directly comparable. My
average statewide winter density estimate of nonbreeding Seaside Sparrows (1.58 ± 0.41
birds/ha) is greater than those previously reported along the Mississippi Coast during the
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breeding season (0.73 [95% CI = 0.62 – 0.86] birds/ha; Leggett 2014), but similar to those
reported for the isolated subspecies (A. m. senetti) along the lower Texas coast during the
nonbreeding season (1.9 [CV = 21.92] birds/ha; Ferrato et al. 2017). My complex-specific
density estimates show similar spatial variability between the complexes to those previously
reported within the same complexes during the breeding season (Leggett 2014). The positive
association of Seaside Sparrows with S. alterniflora is consistent with previous reports of
Seaside Sparrows associating with this vegetation species during the winter (Post and Greenlaw
2020). Further, the positive association with vegetation more characteristic of saline marshes and
negative association with vegetation characteristic of fresh/intermediate marshes is intuitive for a
highly specialized salt marsh sparrow.
Clapper Rails are highly specialized to tidal salt marshes and spend the majority of their
life restricted to tidal salt marshes (Meanley 1985), and have been used as indicators of estuarine
ecosystem health (Novak et al. 2006, Cumbee et al. 2008). Thus, understanding how their
abundance varies seasonally, tracking population trends, and documenting any seasonal
differences in their habitat use will provide critical information to conserve this species, and
assist in the monitoring of broader tidal marsh ecosystem conditions. For instance, Clapper Rail
densities vary geographically (Rush et al. 2020), but their populations are generally declining
among tidal marshes of the Atlantic Coast (Correll et al. 2017). As such, monitoring population
trends along the northern GoM is critical to assess whether this declining trend is continent-wide,
or unique to the Atlantic Coast. My population estimate (17,000 [10,000 – 32,000]) is similar to
the only other estimate of Clapper Rail population size in Mississippi (25,000 [11,000 – 39,000];
Remsen et al. 2019b). My mean nonbreeding density estimate (0.74 ± 0.23 birds/ha) is also
comparable to previous breeding season estimates reported in Mississippi’s tidal marshes (Rush
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(2009): 0.22 – 1.44 birds/ha, Leggett (2014): 0.57 – 1.77 birds/ha) . The positive association of
nonbreeding rail density with increasing availability of J. roemerianus and S. alterniflora
matches previous findings for this species during both the breeding and nonbreeding periods
(Adams and Quay 1958, Rush et al. 2009b, Leggett 2014). The negative association with
increasing amounts of C. mariscus aligns with observations that this species is being restricted to
more saline and brackish marsh ecosystems (Rush et al. 2020).
An estimated 75% of the Nelson’s Sparrow population is thought to breed in Canada
(Partners in Flight 2019, Shriver et al. 2020), but during the nonbreeding period, the marshes of
the northern GoM are believed to harbor a large proportion of this species’ global population
(Remsen et al. 2019a). Nelson’s Sparrows were infrequent within the broader tidal marsh habitat
across Mississippi but were highly localized and concentrated, consistent with previous reports
of these sparrows being unevenly dispersed within a marsh based on microhabitat variability
(Shriver et al. 2020). At one survey location, an unexpected burn between survey years changed
the vegetation structure from stands of S. patens and S. cynosuroides to short, sparse vegetation
of bulrush (Schoenoplectus robustus), S. patens, and saltgrass (Distichlis spicata). After the burn
and subsequent change in vegetation cover, I detected several Nelson’s Sparrows where I
previously had not detected any at that site, possibly indicating that fire may be important for
nonbreeding Nelson’s Sparrows. However, since this was an anecdotal observation at a single
site, further study is needed to address this relationship. Nelson’s Sparrow winter densities being
positively associated with S. alterniflora is consistent with habitat use studies for this species
breeding along the Atlantic coast (Shriver et al. 2010). The strong positive association of
Nelson’s Sparrow density with increasing numbers of vegetation ecotone changes along a
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transect suggests that Nelson’s Sparrows may use more heterogeneous areas of S. alterniflora
within the marsh, avoiding large homogenous patches of J. roemerianus and C. mariscus.
Swamp Sparrows are not typically considered marsh birds, but because they inhabit
marsh during the overwintering period (Hamel 1992, Herbert and Mowbray 2020) and occurred
with sufficient frequency within and at the edges of the surveyed marsh, I decided to include
them in the analysis. I mostly detected Swamp Sparrows in areas of shrubby edges
(predominantly eastern baccharis [Baccharis halimifolia]) and where the marsh transitions from
emergent to scrub-shrub estuarine marsh. Previous research along the Atlantic Coast has reported
similar habitat association findings for this species within coastal marshes (Beadell et al. 2003).
Even though shrubs appeared to be their preferred habitat, I did not assess this relationship in my
models due to low overall coverage of this vegetation type along my transects. From the
vegetation types I did assess, nonbreeding Swamp Sparrow in the tidal marshes of Mississippi
appear to use areas with vegetation indicative of fresher and more intermediate marsh more so
than those areas with vegetation representative of more saline marsh or large areas of J.
roemerianus coverage. Some evidence suggests that certain subspecies of Swamp Sparrow may
be better adapted to tidal marsh conditions than others (Greenberg and Droege 1990), but no
effort was made in this study to differentiate subspecies.
Sedge Wrens are non-resident along the northern GoM. This species is present only
during the winter (Woodrey et al. 2012, Herkert et al. 2020). Owing to their nomadic movements
and secretive habits, field studies on this species’ natural history are limited (Herkert et al. 2020).
Therefore, my data on this species’ population, density, and habitat associations is vital, and
provides the first set of population estimates across the GoM region for this species. Sedge Wren
densities were extremely localized within the broader estuarine, emergent tidal marsh. Therefore,
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my reported population abundance and density estimates should be viewed from this perspective,
because while the density of Sedge Wren was generally very low across the coastal marsh
complexes, they were extremely numerous during three particular surveys (42 individuals
detected; ~42% of all detections over the two year study period). This supports observations of
this species’ erratic and nomadic movements (Herkert et al. 2020) and could suggest that during
the nonbreeding season they travel both singly and in loose flocks. The negative association with
my vegetation types was not unexpected. Individuals were highly clumped and may be
distributed within the marsh based on characteristics other than dominant vegetation
associations. In addition, small sample sizes likely limited my ability to make interpretations
about the relationships with the measured vegetation covariates. Their generally low numbers
strongly indicate tidal salt marsh is not preferred by this species. Rather, based on my
observations here along the Mississippi Coast, and in the published literature, they appear to
prefer drier, fresh to brackish marsh with scattered scrubs and wet pine/longleaf savanna habitats
(Hamel 1992, Zenzal Jr. et al. 2019, Herkert et al. 2020).
Common Yellowthroat are generally not classified as a marsh bird, but previous research
in the tidal marshes of Mississippi has included them when estimating occupancy of select tidal
marsh bird species (Rush et al. 2009b). Because of their occurrence in intermediate to freshwater
tidal marsh and the general lack of data on this species’ overwinter ecology along the northern
GoM, I included them in my analysis. My estimate of mean Common Yellowthroat density in
tidal marsh along the Mississippi Coast (0.10 ± 0.07 birds/ha) is much lower than that reported in
freshwater wetlands in Florida during the nonbreeding season (2.0 birds/ha; Breininger 1992).
Common Yellowthroat are not tidal marsh specialists, especially during the nonbreeding season,
as indicated by their strong association with freshwater and intermediate marsh-type vegetation
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(e.g., C. mariscus) in my study. Hamel (1992) notes Common Yellowthroat prefer “…damp
places, such as brushy tangles, marsh edges, and damp thickets; inhabit fresh and brackish
marshes, usually near shrubs”. I rarely found Common Yellowthroats in areas of dense J.
roemerianus stands typical of the tidal marshes in Mississippi (Eleuterius 1972); however, I did
detect several in narrow vegetation zones, where S. cynosuroides and common reed (Phragmites
australis) formed thickets around large J. roemerianus stands.
This study provides critical information for understanding nonbreeding marsh bird
distribution, abundance, and species-vegetation associations within Mississippi’s tidal marshes.
Further, it provides baseline data for species of conservation concern, and addresses several
uncertainties around their management and conservation in light of the undocumented effects on
marsh bird populations across the GoM (Wilson et al. 2019, Woodrey et al. 2019). I have
demonstrated line transect surveys in conjunction with a distance sampling approach are an
effective method to assess nonbreeding tidal marsh bird distribution, abundance and specieshabitat associations across the northern GoM region and possibly in tidal marsh habitats found
along the Atlantic coast. However, for species which do not vocalize frequently or flush readily
when walking transects (e.g., species within the Rallidae family such as Clapper Rail) the
estimates reported here may be an underrepresentation of the true population size.
I recognize that for some species (e.g., Red-winged Blackbird, Common Yellowthroat,
Swamp Sparrow, Sedge Wren) which are not wholly restricted to tidal marshes, my population
estimates do not represent the entire nonbreeding population size along the Mississippi Coast.
Further, I acknowledge my 95% confidence intervals around my population estimates are wide
and could likely be reduced with increased detections, or could be reflective of species that show
a localized or patchy distribution within the tidal marsh habitats, indicating a high degree of
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microhabitat-specificity (Conway and Droege 2006, Wiest et al. 2016). Due to time and
logistical constraints to collect vegetation data, I employed a line intercept approach because it
was quicker than quadrat data where there are few plant species and large areas to be covered
(Little 2013). However, this approach did not allow for the measurement and characterization of
other potentially important vegetation variables such as spatial extent, height, and density, which
may influence marsh bird densities and habitat associations.
The tidal marsh bird community I documented in coastal Mississippi may not be as large
as those found elsewhere in the United States (Wiest et al. 2016, Remsen et al. 2019a), but this
study shows the tidal marshes of Mississippi provide winter habitat for several birds species of
conservation concern, and are thus likely critical habitat for the conservation of numerous
resident and nonbreeding avian species. The application of these data to support current coastal
and future tidal marsh management, evaluate restoration activities, and utility for future
conservation planning efforts cannot be over-stated. These data are crucial to making the most
informed decisions possible when confronting continuing coastal issues such as rising sea levels,
erosion, subsidence, and increasing urbanization. In a time of dwindling global coastal wetlands
(Nicholls 2004, Dahl 2011, Davidson 2014), and an increasing call to focus research on the full
annual cycle of migratory birds instead of just on the breeding season (Calvert et al. 2009,
Hostetler et al. 2015, Marra et al. 2015), the study of avian communities overwintering in tidal
marshes is more important than ever.

19

Table 1.1

Number of marsh birds detected that could be identified to species-level during
nonbreeding line transect surveys within estuarine, emergent tidal marsh along
coastal Mississippi. Note I performed fewer surveys (n = 260) during the winter of
2018 – 2019 than during the winter of 2019 – 2020 (n = 390).

Common Name

Scientific Name

Total Number Detected
2018 – 2019 2019 – 2020
Pied-billed Grebe
Podilymbus podiceps
0
3
American Bittern
Botaurus lentiginosus
2
2
Clapper Rail
Rallus crepitans
206
400
Virginia Rail
Rallus limicola
0
2
Sora
Porzana carolina
2
11
Common Gallinule
Gallinula galeata
3
1
American Coot
Fulica americana
0
2
Wilson's Snipe
Gallinago delicata
13
26
Sedge Wren
Cistothorus platensis
22
77
Marsh Wren
Cistothorus palustris
450
1143
Seaside Sparrow
Ammospiza maritima
151
259
Nelson's Sparrow
Ammospiza nelsoni
20
89
Swamp Sparrow
Melospiza georgiana
56
230
Red-winged Blackbird Agelaius phoeniceus
363*
1093*
Common Yellowthroat Geothlypis trichas
24
58
*These counts include flyover detections. Flyover detections were removed before performing
distance sampling density estimation.
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Table 1.2

Species
Marsh Wren
Red-winged
Blackbird
Seaside
Sparrow
Clapper Rail
Nelson's
Sparrow

Swamp
Sparrow
Sedge Wren
Common
Yellowthroat

Hierarchical distance sampling model selection results for marsh bird species
detected during nonbreeding line transect surveys within estuarine, emergent tidal
marsh along coastal Mississippi using program unmarked.
Density
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS
year+complex+JURO+
(JURO^2)
year+complex+JURO+
(JURO^2)+CLMA
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS
year+complex+JURO+SPAL+
CLMA+SEGS
year+complex+JURO+SPAL+
CLMA
year+complex+JURO+SPAL+
CLMA+SEGS
year+complex+JURO+SPAL+
CLMA
year+complex+JURO+SPAL+
CLMA+SEGS
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS
year+complex+JURO+SPAL+
CLMA+SPPA+SPCY+SEGS

Availability

Detection

Key
Function

visit

wind+julian+observer+JURO+
SPAL+CLMA+SPCY+SPPA

Hazard-rate

visit

wind+julian+observer

Hazard-rate

visit

wind+julian+observer

Hazard-rate

wind+julian+observer

Hazard-rate

visit

wind+julian+observer+JURO+
SPAL+CLMA+SPCY+SPPA

Half-normal

visit

observer

Hazard-rate

visit

observer

Hazard-rate

visit

observer

Hazard-rate

visit

observer

Hazard-rate

wind+julian+observer

Half-normal

visit

wind+julian+observer+JURO+
SPAL+CLMA+SPCY+SPPA

Hazard-rate

visit

wind

Hazard-rate

visit

wind+julian

Hazard-rate

Data Type
Negative
Binomial
Negative
Binomial
Negative
Binomial
Negative
Binomial
Negative
Binomial
Negative
Binomial
Negative
Binomial

AIC ΔAIC wi
3950

0

1

1014.9

0

0.61

1015.7 0.8

0.39

1883.5

0

1

1846.1

0

1

698.8

0

0.33

699.2 0.45 0.26

Poisson

699.5 0.69 0.23

Poisson

699.9 1.16 0.18

Negative
Binomial
Negative
Binomial
Negative
Binomial
Negative
Binomial

1352.9

0

1

319.4

0

1

512.9

0

0.64

514

1.13 0.36

Only models within ΔAIC < 2 are shown in the table. I performed model averaging to get final
parameter estimates if there were multiple top models for a species. JURO = Juncus
roemerianus, SPAL = Spartina alterniflora, CLMA = Cladium mariscus, SPPA = Spartina
patens, SPCY = Spartina cynosuroides, SEGS = the number of vegetation ecotone changes per
100 meters along a transect, NB = negative binomial distribution, P = Poisson distribution.
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Table 1.3

Species

Estimated mean species-specific densities per hectare by marsh complex (± Standard Error), along with estimated
population sizes [including a 95% confidence interval] for the Mississippi Coast within estuarine emergent tidal marsh.
The number of individuals of each species detected in each marsh complex is given below the density estimate. The
amount of estuarine emergent marsh in each complex is given in brackets below the complex name.
Hancock
County
[6,788ha]

Jourdan
Wolf River
River
[920ha]
[1,525ha]

Bayou
Portage
[301ha]

Back Bay
of Biloxi
[1208ha]

Deer
Island
[119ha]

Old Fort
Bayou
[419ha]

Gulf Park
Estates
[537ha]

Grand Bay
National Statewide
Graveline
Lower
Upper
Estuarine
Mean
Bayou Pascagoula Pascagoula
Research Density
[1,027ha] [3,555ha] [2,744ha]
Reserve Estimate
[4,166ha]

Statewide
Population
Estimate

Clapper Rail

1.13 ± 0.33 0.67 ± 0.26 0.71 ± 0.20 0.61 ± 0.25 0.32 ± 0.12 2.02 ± 1.39 0.55 ± 0.22
(n = 98)
(n = 23)
(n = 64)
(n = 16)
(n = 22)
(n = 30)
(n = 22)

0.91 ± 0.45
(n = 14)

0.91 ± 0.28 0.42 ± 0.11 0.42 ± 0.14 0.70 ± 0.17
17,000
0.74 ± 0.23
(n = 62)
(n = 75)
(n = 26)
(n = 154)
[10,000 – 32,000]

Sedge Wren

0.26 ± 0.21 0.77 ± 0.62 0.53 ± 0.30 1.92 ± 1.00 0.18 ± 0.18 0.00 ± 0.00 0.00 ± 0.00
(n = 2)
(n = 4)
(n = 5)
(n = 25)
(n = 2)
(n = 1)
(n = 0)

0.00 ± 0.00
(n = 0)

0.00 ± 0.00 0.36 ± 0.17 0.00 ± 0.00 1.19 ± 0.48
10,000
0.45 ± 0.25
(n = 1)
(n = 42)
(n = 0)
(n = 17)
[4,000 – 33,000]

Marsh Wren

4.71 ± 0.81 3.5 ± 0.82 3.91 ± 0.67 8.06 ± 1.75 6.83 ± 1.24 7.55 ± 2.87 8.38 ± 1.73 2.24 ± 0.82 4.10 ± 0.79 3.41 ± 0.51 3.70 ± 0.68 5.29 ± 0.75
106,000
4.55 ± 0.80
(n = 178)
(n = 59)
(n = 143) (n = 113) (n = 127)
(n = 74)
(n = 94)
(n = 16)
(n = 105) (n = 203) (n = 100) (n = 381)
[75,000 – 150,000]

Seaside
Sparrow

3.37 ± 0.78 1.10 ± 0.47 0.70 ± 0.23 1.55 ± 0.60 0.46 ± 0.20 0.96 ± 0.62 0.78 ± 0.32
(n = 145)
(n = 10)
(n = 19)
(n = 16)
(n = 9)
(n = 14)
(n = 11)

0.00 ± 0.01
(n = 0)

0.15 ± 0.08 1.29 ± 0.31 0.11 ± 0.08 1.20 ± 0.31
37,000
1.58 ± 0.41
(n = 7)
(n = 79)
(n = 2)
(n = 98)
[22,000 – 62,000]

Nelson's
Sparrow

0.46 ± 0.27 0.44 ± 0.34 0.70 ± 0.42 1.64 ± 0.95 0.86 ± 0.44 0.94 ± 0.74 1.54 ± 1.06
(n = 9)
(n = 5)
(n = 8)
(n = 12)
(n = 15)
(n = 6)
(n = 4)

0.00 ± 0.00
(n = 0)

0.55 ± 0.42 0.75 ± 0.40 0.17 ± 0.19 0.83 ± 0.45
14,000
0.60 ± 0.36
(n = 3)
(n = 23)
(n = 2)
(n = 22)
[4,000 – 47,000]

Swamp
Sparrow

0.37 ± 0.18 0.94 ± 0.44 0.31 ± 0.14 3.81 ± 1.77 1.97 ± 0.76 0.00 ± 0.00 3.02 ± 1.39
(n = 12)
(n = 49)
(n = 26)
(n = 38)
(n = 45)
(n = 6)
(n = 21)

2.02 ± 1.38
(n = 4)

0.00 ± 0.00 0.57 ± 0.2 0.81 ± 0.33 0.22 ± 0.12
15,000
0.66 ± 0.30
(n = 0)
(n = 37)
(n = 40)
(n = 8)
[6,000 – 37,000]

Red-winged 7.37 ± 3.31 4.25 ± 2.46 3.52 ± 1.82 9.49 ± 5.46 7.09 ± 3.49 3.30 ± 4.63 7.44 ± 5.06 24.89 ± 17.06 6.64 ± 4.20 2.78 ± 1.45 4.52 ± 2.27 2.29 ± 1.17
127,000
5.44 ± 2.84
Blackbird
(n = 74)
(n = 184)
(n = 63)
(n = 85)
(n = 60)
(n = 5)
(n = 25)
(n = 25)
(n = 47)
(n = 197)
(n = 68)
(n = 108)
[46,000 – 362,000]
Common 0.20 ± 0.13 0.16 ± 0.10 0.05 ± 0.03 0.40 ± 0.29 0.06 ± 0.05 0.00 ± 0.02 0.29 ± 0.22
Yellowthroat
(n = 6)
(n = 21)
(n = 14)
(n = 22)
(n = 3)
(n = 0)
(n = 5)

0.00 ± 0.00
(n = 0)

0.00 ± 0.00 0.00 ± 0.00 0.12 ± 0.08 0.03 ± 0.03
2,000
0.10 ± 0.07
(n = 0)
(n = 0)
(n = 10)
(n = 1)
[1,000 – 10,000]

With the exception of Deer Island, estimates do not incorporate barrier islands. All estimates are rounded to the nearest thousand.
Marsh complexes are listed from west to east.
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Figure 1.1

Map showing the Mississippi Coast with the 12 marsh complexes included in this
study. The color inset image in the upper left-hand corner illustrates how line
transects were distributed within a marsh complex based on breeding marsh bird
sample point locations placed using a GRTS design.
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Figure 1.2

Associations of eight marsh bird species detected during nonbreeding line transect
surveys within estuarine, emergent tidal marsh along coastal Mississippi with the
availability of the top five most abundant vegetation types.

Bird Acronyms: MAWR = Marsh Wren, RWBL = Red-winged Blackbird, SESP = Seaside
Sparrow, CLRA = Clapper Rail, NESP = Nelson’s Sparrow, SWSP = Swamp Sparrow, SEWR =
Sedge Wren, COYE = Common Yellowthroat. Vegetation Acronyms: JURO = J. roemerianus,
SPAL = S. alterniflora, CLMA = C. mariscus, SPCY = S. cynosuroides, SPPA = S. patens,
SEGS = the number of dominant vegetation ecotone segments per 100m along the transects.
Legend in upper-right most plot. Y axis represent the change in density (birds/ha) as the
standardized x-axis covariate changes. All covariates were scaled to a mean of zero.
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CHAPTER II
AVAILABILITY AND ASSESSMENT OF MICROPLASTIC INGESTION BY MARSH
BIRDS IN MISSISSIPPI GULF COAST TIDAL MARSHES
Introduction
Plastic pollution in the environment and its subsequent degradation into microplastics has
become a mounting global issue (Derraik 2002, Barnes et al. 2009, Wilcox et al. 2015). Recent
findings estimate that 4.8 to 12.7 million metric tons of plastic enter the world’s oceans every
year, with that number projected to increase (Jambeck et al. 2015). While in the environment,
plastics may undergo fragmentation into smaller pieces, termed microplastics (< 5mm; Barnes et
al. 2009, Wang et al. 2016). These plastic pieces are then transported globally via ocean currents
and eventually end up in environmental accumulation zones, or sinks (Cole et al. 2011, Zhang
2017). Coastal ecosystems, like tidal marshes, are believed to be one such sink for environmental
plastic pollutants (Zhang 2017). In tidal marshes, degradation of larger, macroplastic materials
into smaller, microplastic pieces occurs relatively quickly (Weinstein et al. 2016, 2020).
Once in tidal marshes and estuaries, microplastics often persist for a long time (Fok and
Cheung 2015, Payton 2017, Gray et al. 2018), and various organisms inhabiting these
ecosystems directly or indirectly ingest plastic pollutants (Payton 2017, Waite et al. 2018).
However, this phenomenon is not restricted to coastal ecosystems. Numerous studies have
documented the ingestion of plastic pieces by a myriad animal taxa in other marine and aquatic
environments (Cole et al. 2011, Van Franeker et al. 2011, Besseling et al. 2015, Courtene-Jones
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et al. 2017, Andrade et al. 2019). One notable taxa are seabirds, with predictions estimating 99%
of seabird species will have ingested plastic particles by 2050 (Wilcox et al. 2015). In addition to
marine-associated birds, freshwater-associated bird species (ducks, geese, and loons) have also
been documented to ingest plastic (Holland et al. 2016). In severe cases, plastic ingestion by
birds can lead to mortality, morbidity, and disrupted physiology (Lavers et al. 2014, Terepocki et
al. 2017).
With plastic pollution documented in tidal marshes and estuaries, plastic ingestion by
various organisms within these systems, and ingestion of plastics by seabirds, ducks, geese, and
loons, it follows that tidal marsh birds may also be ingesting plastics. Therefore, the objective of
this study was to quantify microplastic distribution and prevalence within tidal marsh sediments
of Mississippi, and determine possible microplastic ingestion by two resident tidal marsh bird
species, Clapper Rail (Rallus crepitans) and Seaside Sparrow (Ammospiza maritima). If evidence
of microplastic ingestion by these species was observed, I further investigated variation between
the amounts ingested by Clapper Rails versus Seaside Sparrows. In addition, I compared the
amounts of microplastic pieces ingested by these two species among marsh complexes, varying
distances of bird capture location from the Gulf of Mexico (GoM), and how quantities ingested
relate to the microplastic availability in the surrounding marshes. I hypothesized that resident
tidal marsh birds ingested microplastics but that ingestion rates varied by species-specific
foraging strategies.
Methods
Study area
I conducted microplastic sampling among three tidal marshes of Mississippi (Fig. 2.1). I
chose three of the largest tidal marshes situated adjacent to rivers (the marshes of the Pascagoula
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River Coastal Preserve, the Jourdan River, and Hancock County Coastal Preserve adjacent to the
Pearl River) to assess microplastic concentrations in estuarine sediments at various points along
the river as well as between marsh complexes. Using data from Leggett (2014), I determined the
upper-most reaches of each river system where Seaside Sparrows and Clapper Rails were
observed and marked a starting point along the river. From there, I laid out four evenly spaced
sampling points at the edge of the marsh along the river, downstream towards the GoM for each
marsh complex.
Sediment sample collection & processing
I collected three replicate sediment samples, separated by one-meter, all within threemeters of the marsh edge at each of the four sampling locations per marsh, for a total of 36
sediment samples, to estimate both fine- and large-scale variability in microplastic prevalence. I
used a modified version of Gray et al.'s (2018) sediment sampling approach demonstrated in
South Carolina estuaries. For each sample, I placed a 10 x 10cm PVC quadrat over the marsh
sediment and collected the top two centimeters of sediment within the quadrat using a metal
spatula during low tide. I then placed the sample in a clear Ziploc® bag and brought it back to
the laboratory and stored it in a freezer until further analysis (within two months of collection).
In the laboratory, sediment processing began with drying samples in a drying oven at
40°C for two days. Once dry, I weighed samples for total dry mass (g) and then sieved each
sample through a series of stacked sieves (4mm, 500µm, 250µm, 125µm, 63µm; adapted from
Gray et al. 2018). I recorded any obvious plastic pieces retained on sieves and after rinsing to
ensure no microplastics were attached, disposed large plant material. Sample remains on the
sieves then underwent density separation by being rinsed into a 1000mL glass beaker with
500mL water and 150g NaCl, and then stirred for five minutes with a metal spatula to agitate the
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sample and free any trapped microplastics (adapted from Gray et al. 2018). The sample was
covered and left in solution for 24 hours to allow less dense plastics to separate from denser
material and float (Kazmiruk et al. 2018). After 24 hours, the supernatant was poured through a
sieve stack (250µm, 125µm, 63µm), and retained material was placed in a 50mL amber glass jar.
The amber glass jar was then placed on a hotplate stirrer set at 40°C with 20mL of 30% H 2O2 for
two hours to dissolve organic material (modified from Willis et al. 2017, Gray et al. 2018). If
organic material persisted after two hours, an additional 10mL of H2O2 was added and the
process repeated until most organic material had dissolved. Once the organic material dissolved,
the sample was rinsed into a petri dish and observed under a dissection microscope. The
prevalence of microplastics in sediment samples was reported as pieces/g (dry weight) of the
marsh substrate from the initial sample.
Bird sample collection & processing
At each sampling location (n = 4/marsh complex), I attempted to catch three Clapper
Rails and three Seaside Sparrows. To capture Clapper Rails, I placed a modified mist net (8m
long x 60cm high) anchored at the marsh substrate extending upwards towards the sky in the
marsh. Then, I broadcast previously recorded Clapper Rail calls on both sides of the net to lure
birds into the modified mist net (J. Feura, personal communication). Once caught, I safely
removed birds and placed them in a cloth cotton bag for processing. To capture Seaside
Sparrows, I first located individual sparrows near the sample point using pre-recorded Seaside
Sparrow audio recordings. Once I located sparrow(s), I erected a standard 12-meter long mist net
(30mm mesh) near where the bird was found, then had three to four people surround the bird and
walk toward the net, “herding” it into the net, where I then safely removed and placed them in
cloth cotton bags.
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I banded and processed all birds according to common bird banding procedures including
various morphometric measurements (wing chord, tail, tarsus, exposed culmen, and nares-to-tip
bill length), determined age and sex when possible, recorded their weight (g), and examined
other individual characteristics (Pyle 1997). After the banding process, I conducted non-lethal
stomach flushing to obtain a sample of the stomach contents (Ford et al. 1982, Barrett et al.
2007). Previous research used stomach flushing successfully to investigate the ingestion of
plastics in other bird species (Lavers et al. 2014). Specifically, a lavage tube (14 gauge diameter,
7.6cm curved stainless steel veterinary feeding tube for Seaside Sparrow, 4mm outside-diameter,
26cm clear vinyl tube for Clapper Rail) was moistened and inserted into the bird’s esophagus
until it reached the stomach. Then a syringe (5mL for Seaside Sparrow, 40 mL for Clapper Rail)
was used to gently pump ambient-temperature water (2mL for Seaside Sparrow, 30mL for
Clapper Rail) into the bird’s stomach through the tube to displace its stomach contents. Once the
stomach was full of water, the bird was inverted over a collection tray where regurgitated
stomach contents and water were collected (Barrett et al. 2007). The bird was then released in the
same area where it was caught. In total, an individual bird was held < 30 minutes from capture
until release. Collected samples were immediately rinsed from the collection tray into a sealable
Ziploc® bag and stored in an enclosed case while in the field.
Samples were transported back to the lab, where they were stored in a refrigerator at 0°C
from one to five days to be processed. For each individual stomach sample collected in the field,
I repeated the processing steps noted previously for separating and collecting microplastics from
the sediment samples; however the drying and density separation steps were deemed unnecessary
due to the lack of sediment in stomach samples. Since Seaside Sparrows had much less material
(specifically less shells) in their stomach samples, I opted for simply using a vacuum pump to
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pull the sample through a .45 µm mixed cellulose ester membrane filter, and then placing the
filter in a petri dish to be examined under a microscope.
Enumeration and contamination prevention of microplastic samples
I visually counted microplastics using a 40x magnification dissecting microscope, and
classified each piece by color, size, and type: fiber – thin, hair-like strands, fragment – pieces
with varying shapes, film – thin, often translucent pieces, or microbead – small, spherical pieces
(Sartain et al. 2018) . To minimize sample contamination, I rinsed instruments and containers
before and after each processing step and sample with distilled water; however, partway through
the study I detected microplastics within the distilled water. Therefore, I then began pre-filtering
the distilled water used in the field and lab for rinsing and processing samples by first pouring it
through my finest sieve (63µm). During lab extraction, cotton white lab coats and clothing, and
nitrile gloves were worn while sorting and processing samples. In addition, all samples were kept
covered during processing.
To quantify possible contamination of the samples, I performed five controls for the
different sample processing methods using both regular and pre-filtered distilled water. I
collected all sediment samples before implementing pre-filtration of the distilled water used to
rinse instruments and containers, and I captured all Seaside Sparrows after implementing the prefiltration process. Therefore, the controls included 1) five controls for the Seaside Sparrow
process using pre-filtered distilled water; 2) five controls for the Clapper Rail process using prefiltered distilled water; 3) and five controls for the Clapper Rail/sediment process without first
pre-filtering the distilled water). Controls included conducting all processing steps without any
biologic sample present and examining control petri dishes under a microscope and enumerating
any microplastics detected. From this procedure, I detected low levels of laboratory
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contamination. Therefore, to correct all biological sample microplastic counts I subtracted the
mean count of microplastics found in the control samples for each type of control (Seaside
Sparrow methodology: 𝑥̅ = 2, Clapper Rail methodology using pre-filtered water: 𝑥̅ = 3, Clapper
Rail/sediment methodology without pre-filtering the distilled water: 𝑥̅ = 5).
Statistical analyses
I standardized microplastic counts in sediment samples by the dry mass (g) of the
sediment sample to obtain a concentration of microplastic pieces per 100g of sediment. To
investigate trends and differences in microplastic concentration in the sediment samples at
different distances from the GoM along the river and across marsh complexes, I created a set of
four candidate generalized linear mixed-effect models in package “glmmTMB” (Brooks et al.
2017) in the statistical programming software R (R Core Team 2018). I used the concentration of
microplastics in the sediment samples as the dependent variable, and (1) a null model, (2) marsh
complex, (3) sample point order (1–4) – which represents the distance from the Gulf of Mexico,
and (4) marsh complex and distance from the Gulf as the independent variables in their
respective models. As the three repeat sediment samples within a sample point were not
independent, all models included a random-effect variable to control for this non-independence.
To investigate microplastic ingestion by Clapper Rail and Seaside Sparrow, I created a
set of 10 candidate generalized linear mixed-effect models. These models examined differences
in microplastic counts found in bird stomach samples by species, marsh complex, distance from
the GoM, microplastic concentration in the nearby marsh sediment, combinations of these
variables, and a null model. Again, as individual bird captures at a sample point may not be
independent, I included a random-effect variable in all models to control for this nonindependence. I then used Akaike’s Information Criterion corrected for small sample sizes
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(AICc; Akaike 1974, Burnham and Anderson 2002) to assess which model(s) from the candidate
set best fit the data (ΔAICc < 2), both for the bird ingestion and sediment availability models. I
then interpreted the results from the top model(s), but if there was more than one model with a
ΔAICc < 2, I model averaged parameter estimates from all models using the function modavg in
package “AICcmodavg” (Mazerolle 2019).
Results
I detected microplastics in 64% (n = 23) of sediment samples (median = 10.0
microplastic pieces/100g in sediment samples containing any microplastics, range = zero –
194.0; Table 2.1). Microplastic fibers dominated samples (98%), with only 2% of detected
microplastics being fragments. The highest ranked models (ΔAICc < 2) to describe microplastic
concentration in sediment samples were 1) the null model and 2) the model that incorporated
distance from the GoM as the predictor variable (Table 2.2). As the null model was the top
model, I conclude that microplastic concentration did not vary among any of the stated factors.
From June through August 2019, I collected stomach flush samples from 35 Clapper
Rails and 36 Seaside Sparrows across all marsh complexes. I detected microplastics in 83% (n =
29) of Clapper Rail and 69% (n = 25) of Seaside Sparrow stomach samples. The median count of
microplastic pieces per stomach sample for individuals that contained microplastics was 6 (SD =
7.2) for Clapper Rail and 2 (SD = 2.7) for Seaside Sparrow (Fig. 2.2). Fibers were the dominant
type of microplastics detected in Clapper Rail (99%) and Seaside Sparrow (98%) stomach
samples. The models which best fit these data to describe the microplastic counts found in bird
stomach samples were: 1) the model that incorporated a combination of species and the
concentration in the nearby sediment; 2) the model that assessed only differences in ingestion
counts by species; and 3) the model that incorporated a combination of species and the marsh
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complex the bird was captured in (Table 2.3). According to model averaged parameter estimates,
Seaside Sparrow had fewer microplastic pieces on average in their stomach contents than did
Clapper Rail (-1.11, 95% C.I. -1.40 – -0.81). Although the concentration of microplastics in the
paired sediment samples was included as a covariate in the top model, parameter estimates
suggest that microplastic ingestion did not differ by the concentration of microplastics in the
nearby sediment (0.00, 95% C.I. 0.00 – 0.01). In addition, birds caught in the Pascagoula River
and Hancock County marshes showed no difference in microplastic ingestion amounts when
compared to birds caught in the Jourdan River marshes (0.32, 95% C.I. -0.02 – 0.67 and 0.31,
95% C.I. -0.02 – 0.65, respectively).
Discussion
This study is the first published evidence of microplastic prevalence, concentration, and
variation within and between tidal marsh sediments along the Mississippi Coast. However, I
observed that there were no fine scale (i.e. within-point variability) or broad scale (i.e., between
points within a marsh or between marshes) differences in microplastic concentration in marsh
sediment along a riverine gradient within a single marsh complex or between marsh complexes.
These findings are consistent with the limited number of previous studies which have
investigated microplastic concentration in tidal sediments along the southeastern United States,
finding large variability within and among sites (Gray et al. 2018, Yu et al. 2018).
This study provides the first evidence of microplastic ingestion by resident tidal marsh
birds that inhabit tidal marsh ecosystems. My model selection and parameter estimate results
support my hypothesis that the quantity of microplastics ingested varies by species. However,
since the stomach volume varies between the two species, future studies should attempt to
account for this when making inferences to the total microplastic load within each species.
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Although the top model also included the concentration of microplastics in the nearby sediment,
surprisingly the parameter estimates showed no change in predicted microplastic counts found in
bird stomach samples with varying microplastic concentrations in the nearby marsh sediment. I
suspect this relationship may not have been adequately evaluated due to the high variability in
microplastic concentrations in the sediment samples, the overall low counts of microplastics
detected in the stomach samples, and small sample sizes.
As the foraging behavior and prey consumed by these two species differs, the method of
microplastic ingestion may also differ. Clapper Rails feed on a variety of organisms during the
breeding season, but in Mississippi their diet is made up of predominantly fiddler crabs (Uca
spp.; Rush et al. 2010, 2020). Fiddler crab species (U. rapax) have been experimentally shown to
ingest microplastics and subsequently transfer them into their organs, where they can persist for
weeks (Brennecke et al. 2015). In South Carolina the second most prevalent food item found in
Clapper Rail stomachs were marsh periwinkle snails (Littoraria irrorata), which have also been
noted to forage on microplastic surfaces (Weinstein et al. 2016, 2020). Thus, the mode of
microplastic intake by Clapper Rails may be indirect, through the consumption of food items
which themselves have ingested microplastics and are in that manner transferring microplastics
up the food chain, as has been noted elsewhere (Murray and Cowie 2011). Seaside Sparrows
generally feed on the marsh substrate, where they glean insects (moths, grasshoppers, spiders)
and insect larvae from nearby vegetation and the mud surface (Post and Greenlaw 2020).
Therefore, it is possible that they consume microplastics directly when foraging on the marsh
surface, mistaking plastic pieces for food items, as is common among many animal taxa which
consume macro- or microplastics (Derraik 2002, Cole et al. 2011). While this difference in
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possible intake mechanisms of microplastics in these two species of marsh bird is intriguing,
more study is required to evaluate these hypotheses.
While my results are robust, I provide a few suggestions here to increase confidence in
future similar studies. First, efforts to increase sample size across broader geographic areas
should be a primary focus. I recognize the limitations of my relatively small sample sizes across
a relatively limited geographic area. I caution readers to be judicious in extrapolating results
beyond Mississippi. Second, since my sample size was small and counts of microplastics in
stomach samples generally low, I recognize that the methods used to correct biological samples
for laboratory and field contamination may affect calculations of the proportion of birds and
sediment in which microplastics were present. Third, I recognize that microplastic counts
obtained from performing stomach flushing may not fully represent the microplastic load in the
rest of the digestive system, as some plastic pieces may linger in the stomach after stomach
flushing (Sileo et al. 1990). However, when stomach and gut content samples are necessary as
part of understanding a population decline or developing a plan for conserving a species, the use
of non-lethal stomach flushing is a preferred method when dealing with species of conservation
concern, where receiving federal and state authorization for collecting individual birds is
difficult, as well as inadvisable. Stomach flushing is just one of several ethical and approved
alternative techniques to sample avian diets without having to sacrifice the bird (Fair et al. 2010).
Furthermore, non-lethal stomach flushing allows for flexible and adaptable study designs for
other hypothesis-driven studies on microplastics to meet calls for increasing the rigor of
microplastics research, rather than relying on opportunistic sampling events which may be less
robust for statistical inference to a larger population (Provencher et al. 2020). Finally, due to the
high spatial and individual variability in sediment and stomach sample microplastic counts
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detected in my samples, I recommend variability be accounted for as part of a sampling and/or
study design, particularly when designing future sampling frameworks to monitor microplastics
availability and ingestion across and within tidal marsh ecosystems. Despite these shortcomings,
I believe that this study provides sufficient evidence of baseline microplastic ingestion by two
resident tidal marsh bird species in Mississippi.
Although this research significantly increases our understanding of the uptake of
microplastics by marsh birds in tidal ecosystems, additional work is needed to determine both the
acute and chronic effects of microplastic ingestion on tidal marsh vertebrates, understand the
transfer of microplastics through estuarine food webs, and for understanding the ultimate fate of
environmental plastic pollution. More broadly, this study adds to the growing body of literature
on the prevalence of microplastic ingestion by animal taxa exposed to microplastics found
throughout the environment. I believe that as plastic pollution in the environment is projected to
increase (Jambeck et al. 2015), the ingestion of these plastics by species inhabiting tidal marsh
ecosystems may increase as well.

43

Table 2.1

Microplastic concentrations in sediment samples across three riverine-dominated
marsh complexes in Coastal Mississippi.

Marsh complex

Sample point (distance

Median microplastic

Standard

(West to East)

from the G.o.M)

concentration

deviation

/100g sediment

(+/-)

Hancock County

1

3

6.8

Coastal Preserve

2

0

2.9

3

5

3.2

4

104

89

Jourdan River

1

4

5

Marshes

2

16

29.4

3

0

5.8

4

2

4.2

Pascagoula River

1

16

14

Coastal Preserve

2

1

3.2

3

0

7.5

4

0

11

G.o.M. = Gulf of Mexico. Microplastic concentrations are normalized to represent pieces per
100g of dry sediment. Lower sample point numbers indicate being closer to where the river
meets the Gulf of Mexico and get progressively higher (up to 4) as you go upstream within each
marsh complex.
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Table 2.2

Model selection table of candidate models for sediment concentrations of
microplastics per 100g of sediment collected across three riverine-dominated
marsh complexes in coastal Mississippi.
Model

AICc

ΔAICc

wi

Null model

445.1

0.00

0.625

Distance from G.o.M.

446.5

1.42

0.308

Marsh complex

450.3

5.16

0.047

Marsh complex and distance from G.o.M.

452.0

6.94

0.020

G.o.M. = Gulf of Mexico.
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Table 2.3

Model selection table of candidate models for the amount of microplastics found in
Clapper Rail (Rallus crepitans) and Seaside Sparrow (Ammospiza maritima)
stomach samples across three riverine-dominated marsh complexes in coastal
Mississippi.
Model

AICc

ΔAICc

wi

Species + sediment

450.8

0.00

0.480

Species

451.8

0.96

0.297

Species + complex

452.7

1.84

0.191

Species + distance from G.o.M.

458.2

7.41

0.012

458.5

7.69

0.010

Species + complex + distance from G.o.M.

458.7

7.88

0.009

Sediment

515.5

64.71

0.000

Null model

519.9

69.07

0.000

Complex

522.4

71.58

0.000

Distance from G.o.M.

524.1

73.23

0.000

Species + complex + sediment + distance
from G.o.M.

G.o.M. = Gulf of Mexico.
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Figure 2.1

Map showing the three marsh complexes along the Mississippi Coast where I
performed microplastic sampling. The inset maps show the four sampling points
along each study marsh complex.
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Figure 2.2

Box-and-whisker plot showing the distribution of microplastic quantities found in
stomach samples of Clapper Rail and Seaside Sparrow within three riverinedominated marshes along the coast of Mississippi.
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